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Role of kinins in seasonal allergic 
rhinitis: Icattbant, a bradykinin B2 
receptor antagonist, abolishes the 
hyperresponsiveness and nasal 
eosinophilia induced by antigen 
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Biickgroundi icatlbant, a bradykiriin B;^ receptor antagonist, 
inhibits the reduction in nasaj patency after challenge with 
house dust mUe antigen in sensfthc subjects and abolishes the 
nasal hyperresponsiveness Induced by piat«!et-i*ctivatiftg factor 
ill nonatopic subjects. 

Objective: We sought to investigate the efTcct of kafibant on 
the response to nasal antigen challenge in sufajeces with sea.son" 
at allergic rhiniti.^- 

Meihotis: Pi^tknts allergk to grass poHen antigen (n = 9-13) 
were inciuded in a double-blind^ randomlzed-bJock, piacebo- 
controlletl^ crossover study outside the pollen season. Subjects 
first received an intranasal spray of icatibant (200 jjg per nos- 
tril) or a saime cotitrol. Subjects were then challengiid with 
antigen or diluent (control), and their responses were moni- 
tored by using acoustic rhmometr>'. Six hours latt^^ nasal 
Javage fluid was coJlected and quantified for inHaintnatory 
celli,' and various innamrmatory mediators (kin in, cosinophii 
cationic protein, and IL-S). At 24 hours, the response of 
the nasa] airu-ays to 200 jjg of histamine was assessed, and a 
further nasaJ lavage ^vas carried oiit. 
Results: Antigiin challf^nge caused 3 significant increase in 
nasal obstrticiion and aJbumIn ex?ravasatlon, which was not 
affected by jcalibant Nasal hyperresponsiveness to histamine 
was present 24 hours after antigen and was aboHshed by pre- 
treatment with fciitibant. Icatibant also reduced (be antigen- 
induced increase in eosinophils^ eosinophil cattonlc protein, 
kmtn„ and IL-S in nas-.^! bvage fluid. 
Concluslont Pretreatment w ith katJbant doas not affect the 
acute InHummiitory response In seasonal allergic rhinitis. How- 
ever, our results imply the involvement of kinins and the 
bradykinin Bj receptor in the development of antigenonduced 
hyperresponsiveness and the associated eosinophilia in the 
human na&al airway. U Alkrgy Clin Immutiol ZOO];107:I05-13.) 
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The kinia^ are a grcMJp of vasoactive peplides> the most 
important members of which are bradykinin and kaJVidin, 
ihat n^ay be involved 'm the pathophysiology of allergic 
rhinitis. Br^idykinin and kaliidin are released after nasal 
antigen challenge irk sensitive subjects during both the 
early- and late-phase allergic responsei;. ' Aniigen also 
causes the release of components of ihe kinia-kallikrein 
system* including the kinin-genemiing enzyme kailikrem,^ 
kininogens/ and various kininases.^ 

Administration of exogenous brpdykiriirt into the 
human nasal airway causes nasal obstruction^ rhinorrhea, 
and nasal pain."^ These efTecia appear lo be mediftted by 
the bradykinin receptor because bradykinin B7 receptor 
antagonists abolish bradykinin- induced nasal obstruction 
and plasma extravasation, whereas agonisis at the 
bradykinin Bj recep5or do not cause any symptoms."^ 
Bradykinin binding SJles have been identified on smaU 
niuscular arteries, venous sinusoids, and submucos;al 
nerves in ihe humavit nasa^ amvay.^ and radioligand bind- 
ing studies huve dernonstraled the presence at' the 
rectptOf in human nasal tissue/^ Icatibant. a biadykinm 
receptor antagonist, inhibits the immediate inflammatory 
response to antigen in subjects with perennial allergic 
rhinitis.*^- However, whether icatibant has a similar effect 
in subjects with seasona} allergic rhinitis remains unclear. 

A characieiislic feature of aJlergic rhinitis is nasal air- 
way hyperresponsiveness (AHR) to challenge with a range 
or stimuli, including histamine and bradykinin.^ ^ Several 
studies in animals have suggested that kinins are involved 
in ihe development of AHR. For example, bradykinin 
antagonists inhibit antigen-induced AHR in the lower air- 
ways of iiheep'- and guinea pigs.' "^ In nonaJopic human 
subjects platelet-activating factor (PAF) can be used to 
induce AHR and eosinophilia simiiar to that caused by 
antigen in aHergic rhinilisJ-^^^-'^ We have previously 
demonstrated that icatiban? abolishes both PAF- Induced 
nasal AHR and the ajisociated release of eosinophil cation- 
ic proicin (ECP) into the human nasal air^'ay.'^ It is there- 
fore possible that :he mechanisms of antigen- and PAF- 
induced AHR in the human nasal airway are similar. 
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RG t. Effect of pretreatnwnt with 20O jig of icatibant {tcA^ on the reduction in Amin induced by chaHenge 
wfih 100 iU of graa* pollen antigfin (Agl Each sj^maol reprasents ah Individual siibject, and horizonts! bars 
represent mean. Changes in Amin have been normalized by eKpressing ^erri as a percentage of base- 
line for each object. The m^sn ± SEM baseline value for Amin was 0.E3' ± 0.04 crrv*. 



AHR; Airway hyperresponsiveness 

Amin: Minin^^iL cross-secilonal area of ihtf ftasat airwuy 

ECP: EosiiK^phil caiJoiiic prou^in 

Par P]uiclc(-»ctivmrRg factor 



In this study we have investigated the effect of icati- 
bant on the immediate-phase response af)d AHR induced 
by a sirigle antigen challenge in subjects whh seasonal 
allergic rhinitis outside the polien season. In addition, we 
have examined the effect of icatibant on the nasal 
eosinophilia after antigen exposure. 

METHODS 
Subjects 

Ninerwn .subjcas (age ranne, 21o4 years) with a hiKtors- of sea- 
scMUii allergic rhinkis and u positive ^^kin priclc response lo grass 
polkn aniigeii participated in this study\ Subjects with a positive 
skill prick test response lo house dust mite or hcfUse dost or patients 
presenting with any evidence af nasal polyposis or upper respirato- 
ry rrsict infection were excluded. The study *a.s performe<J 4 mombs 
lif'.er ihe: end of the poWen season. No subject was taking medication 
'M ihc time of or in the 4 weeks before the ;iiudy, nor had any sub- 
ject received immunotherapy. All subject-i gave their inforrned con- 
stent, and ihe study vtas approved by ihe local eihics comminee si 
the Roj al National Throat Noije and Ear Ho.spnai. 



Administration of dmgs 

Compounds were dclivefcd Into both nostrils by meanh of a nasal 
pump spray fPertect-Vallois UK Ud), which delivered iOO |iL (±3 
\iL\ per actuanon. The tiose>- smied are The amounts delivered into 
each nosuril. HistUEnirie (as the dtpbtjsphiiie i^nk) and the bracJykinin 
Bi receptor antagonist icatibant {kindly supplied by Dr K. Winh. 
Moechsl AG, Frsmtfun) were dissolved in sterile saline solution 
(NaCl tS4 mnriol/L) at a cor>ccnirmion of 2 mg/niL. Mixed gr^ss 
pollen aniigert (Alletayde. Nottingham, UKj as a concentration of 
! 0,000 lU/mL was diluted, where nece5;sary, immediately before 
use. The doses used were based on previous studies and pilot exper- 
iinencs.7,9l0j7 

Measurement of na^ai patency 

The ii^ininial croiij-sectioaal area (Arnin) of the nitsal airway was 
determined by means of acouittic rhinometryJ"^ Data are presented 
as ihe me'^aAmin of both jjides. Measuremenis were conducted in 
a bboratory vith a controlfed temperature {2)^C) and humidhy, 

Nasat tavage and cytologic analysss 

Nasai lavage was carried oat by insilMing prcwarmed (3?°C) 
sterile M[ine solution (5 mLi into each no&iri], as described previ- 
ously, Recovery by rhis method was 8655- :t 10%. Lavage samples 
were centrifuged UOOOg for ]0 ratnutes at 4''Ck after which the 
super natants were separjEcd and stored at -TCC t:Mil Ohaiysis. The 
residual pellet was rcsuspended in 0.5 rnt of PBS containing 0. 1 % 
wt/voi human serum albumlji. Two c>tospjn slides were prepared 
from each !^amp]e by using lOO-pL aliquois ^centrifugaiion at 500 
rpm in a Shandon U cytocenirifoge: Shandon Southern Ltd). Slides 
were stained with carbo^ ehromosrope. cpunter stained wkh meih- 
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FIG a. Oose-r&sponse curves for the effect of icatibant on Ihe reduction In Amin (A) snd albumin eKtravasa- 
tlort Into the nasa! cavity induced by 50 tU of grass poUen arttigan {B|. Data are means from 10 subjects. Ver- 
r^cjj? b^r$ represent SEM. Changes in Amin have been normalized by expressing them as a perc&rtage of 
bss^ine for each sub)ect The mean ± SEM baseline value ior Amin was 0.6 t 0.1 cm^, NS, Not signincant- 



vlene blue, -And exymiTictI under light micro ?;copy. Ai kLssi 200 colh 
svere coLstited in each ilide by a reader btiiided lo which ireai- 
nieriE hyd bet^n received. Cslls were cliissitleJ as eosmophiis, tieu- 
trophiis. or other, 

BkQch^mical assays 

PUx-vma exir-dvusaiiofj in the nasal airwy)' was assessed by mea- 
suring the albumin conteni: of nasal lavage iluid with a radiu! 
immunodiffu?iion assay (Boehriftgl. Kium levels were determlntid 



by using an RIA [PcjniBStiia Lnboraiories) wiJh a range of detection 
of 1 Its 12S pg per tube. This as^yy had equal senshiviiy for 
bradykin^n and kaHidin, To reduce dejjradaiion of kiamA, EDTA 
wjut tiddtd to samples (at a ftnaS concenJmdoii of 40 mmol/L) before 
fresringJ ECP svas meysu-ed by u.s'mg RLA {Pb;*rmacia), The 
detection lirnit of ihc assay n^'^s less ihan 2 [ig/L. lL-5 iind IL-S v.ere 
deiermindd by using ELlSA.Tho \L-5 assay {Cyslmmune Sctence^i) 
and JL-S assay (HyculO bad ranges of deiecdon of 8 to 500 pg/mL 
and 4 lO LOOO pg/niL. respectively. 
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FIG 3. Effect of tcatibant (lest) on nasal hyperresportslveness to 200 pg of histarnjn« 24 hours after chaiier^gR 
with grass pollen antigen {AgK The nasal airway was preireated with 20a jjS of icatibant or saJJne solution 
before antigen chailengs. Data are means from 9 subjects. Verticat bars represent SEM, Changes in Amin 
h5v« been normaJized by expressing rti«rn as a percefiiage of ba&eKne tor each subject. The mean * SEM 
baseline value for Am in was 0.58 dt 0.04 cm^. 



Study design 

In cxich cxptiriment 3 initial washes were performtd lo remove 
any preexisiing mediiKors.''**^ aikl the shird waih wiis reUined for 
analysis. The niLsal cavUy was allowed lo dry. atter which a baseSlne 
meu^uremcnt of Amiti was taken. Subjects then received a nasal 
spniy of kaiibanL 200 or 500 pg. or ji satine conlroL Two minutes 
luter^ a funher spray was adminisiered, conta-ining eith??r grass 
pollen antigen, 50 or 100 lU, or diluent u. coniroL Amin was reiie- 
lennined afrer 30 minuees. foilDwed immediately by na<;aJ lavage. 
The albumin cortLenc of ihese Siimpks was deiemtined as described, 

in a ieparaie Mudy wkh a similar protocol, tbe nasaJ cavity 
underji-ent lav^jge 3 Umcy.^ at>er which jiubjec^.s received 200 pg of 
kziiibant or a saHne control. Two minyte.s bier, the nasal airway was 
challenged with diiucijtor 500 lU of antigen, except r'or orw; subject 
who presented wjih a history of asthma and therefore received iOO 
lU. The action of icatibant in the humun nasal airway U approxi- 
maLcly 2 hours (linpublished observation)^ Therefore subjects were 
gi\'en u further dose of icaiibani or .siiline solution 2. 4, and 6 hours 
after the .^tan. Immediately before ihe tlnal administration, the nasal 
cavity again underwent iavage. Both lyvuge sitmples were assayed 
for (heir ECR kinin. and IL-8 contents. 

Twenty-four hours later, i^ubjects received a nasal challenge w jih 
200 jjg of hi^ttamine. Immediutely before and 10 minutes afitr hist- 
arrtine challenge, Atnln v. as retjetertnined. after whicln a fmal iuts;il 



lavage was carried out. Cytologic specimens were prepared from 
Jhe ]a\*itge samples and examined for ^o.sinophils and neuirophlis. 

Each subject received, in a doubk-blifid, nmdomiied-block, 
CfOsss-Over dei$i£n. the following 4 combiniitions of treatment: 
saline-diluent, saiine-aniigen, icutibiini-diluent, and icatibant-anii- 
gen. PreHjitinary experimeoLs found that the amigcn- induced AHR 
was no hm^r preser^t after 7 days. Therefore each combination was 
admini.stered on separate occasions at least 7 days apart. Subjects 
were randomly uiistgned to the treatment protocol. 

Data analysis 

The dimensions of the nai^al uir>.\ ay vnry between subjects and 
also u ithin subjccis from day io day, arid therefore the data have 
been rtomtalized by expressing cKanscs in Ainin a& u percentage of 
the baseline value. The absolute values for the control measure - 
mencs are given with each data set, Meztns arc given logeiher wkh 
SEM. Mediator levels in nasni bvagc fluid were te.sted for iiorn?al- 
iiy. Mediator le\'els other than albumin did not fit a normal distrib- 
ution and are therefore expressed as median values together with the 
^0% central range of values. AnaJysis of baseline values, deter- 
mined by using Ehe Fried tnan test ^vas uicd to control for variation 
between expenmems- in all siiidies the comparj^ns were made 
between active treaiment and the saUne conrroL Data were analysed 
by using the ^llcoxon signed*^rai^ test unlesu otherui'ise stated, and 
f> sTilties of les.4 than .03 were taken ;xi xignificanc. 



J ALLEFiGV CUN 1MMUW01. 
VOLUME 107. NUMSER 1 



Turner et al 109 



;f 2 .0 



0,0 



Saline 
Ag 

ESS Scat 

Icat/Ag 



p<0.05 
r i 





baseline 6 hours 



FIG 4. Changes in the ievels of Vinin {A}, ECP and fL-8 (C) in nasal lavage fiuid B hours after nasa^ chal- 
lenge with grass poilen antigen (Ag). The nasal airway was first pretreated with 2£K}jig of ^catlbant {leat} or 
saiine control. Data are medians from 9 subjects, indicated by a honzontai line within \h& Jnterc[uartile 
range &f values for each med^a^^. Vertical bars reprfisent the 30% central range of valiffis. 



RESULTS 

Effect of icatibant on the earfy-phase 
response ta nasal antigen challenge 

Fifty ctnd 100 lU of grass pollen anligen caused a do^t- 
dependenc decrease in ntisal patency (measured as Amin) of 



29. 6?^ ± 2.1% and 62.0% ±4.8^, respectively {P < -05, 
Friedman lest; Figs \ and 2. A). Icasibanl al either 200 or 
500 |ig failed to aniagonlze this reduction (P > . L Fnedman 
teiit; P > .2. Wilcoxon sign-rank test). Antigen challenge 
also induced an increase in aibumm extravasaiiort into the 
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RG 5, Proposed rote of ktnins En the development of nasa^ eirv/ay hyperr^sponsi'veness. Antigen exposure 
causes the release of various inflammatory medlaior^ and inflammatory ceil recruitment. The diapedesis of 
inflammatory ceU« across the endothelium mayi^e potenUated by the presence of kinins, possibly through 
a mecharn'sm involving Jt-Sand efastsses, such as human neutrophil efastase (HNBK The activation of these 
ceHs generates an inflammatory cascade that, togeiher with bradyktnin receptor activation, results ir^ 
hyperresponsi veness . 



nasal cavhy. which was not mhibited by katibant (P > .L 
Friedman lest; P> .2, Wilcoxon sign-rank test: Fig 2, S). 

Effect of icatibant on airway hyperrespon- 
siveness after rtasal antigen challenge 

Histamine chaHcnge caused a significant decrease in 
Ainin from baseline !0 minut^rs after challenge {P < ,05), 
which was unaffected by pretreatment with icmibant {P > 
.05, Fig 3). Administration of grass pollen antigen signif- 
icantly increased the nnsal response to histamine 24 
hours later compared with preireatm^nt with saline-dilu- 
ent {P < .05). This hypeiresponsivencss was abolished by 
pretreaiment wiih 200 \ig of icatibant (P < .05). There 
were no significitnl differences in the baseline values of 
Amin between treatments {P > .05. Friedman test). 

Effect of icatibant on antigen-induced changes 
In nasal cytology and mediator release 

Antigen provocation resulted in a significant increase 
in the percentage of neutrophils in nasal lavage samples 
collected 6 hours later, but this did not reach statistical 
significance (Table I). Antigen cha]len°re caused signifi- 
cani nasal eosinophilia both 6 and 24 hours later com- 
pared with Che diluent control (P < .01), as ^howxi in 
Tabli* I. Prelreatment with 200 \xg of icatibant reduced 
this response a^ both time points but only with siaiisStica! 
significance at 6 horns after antigen {P < .05). 

There were no differences in the cytologic profile of 
the la\^ge samples taken 6 and 24 hours after saline-dilu- 
ent provocation, implying that hisiamine challenge alone 



did not affeci neutrophil or eosinophil counts (P > .05, 
Friedman test). No significant differences were found in 
baseline values beTween ircamient combinations {P > 
.05, Friedman test). There were no significant coirela- 
lions between the magnitude of the nasal response to his- 
tamine and any cytologic marker in nasal lavage fluid. 

Challenge with grass polleri antigen increased the leve[s 
of kinin (Fig 4, A) and ECP (Fig 4. B) detected in nasal 
lavage fluid 6 hours later compared with challenge with 
the diluent control {P < .05 and P < .01. respectively). 
After preirearment with icatibant. antigen failed lo induce 
a significant rise in ECP or kinins (P > .05). Antigen also 
increased the lL-8 coriient of the lavage .samples 6 hours 
after chalknge {P < .05). an effect that was inhibited by 
icatibant (P < ,05; Fig 4. C). Icatibant had no effect on the 
levels of any of these mediators in the absence of antigen 
(P > .05). In addition, there were no differences in ihe 
baseline levels of these mediators bervveen treatment occa- 
sions (P > .05, Friedman test). Inierestingly. a high degree 
of correlaiion was obser\ t^d between the levels of kinins 
and IL~8 in the nasal lavage fluid samples coMecied 6 
hours after the start (r^ = 0,862. P < .01, Spearman rank 
test). Unfortunately, the levels of IL-5 in na.sal lavage fluid 
were below the limit of detection for the assay u.sed, which 
is a finding cc^.sistem with tho.se of other studies,**-!^ 

DISCUSSION 

Nasal challenge with grass pollen antigen induced a 
significant increase in nasal obstruction and albumin 
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TABLE !, Effect of nasal antigen challenge with or without icatibant pretr&atment on nasaf cytology 







Neutrophils {%) 






Eosinophils (%) 




Treatment 


Baseline 




24 h 


Baseline 


6h 


24 h 




iO.3 (2.2-23, !> 


40.6 (3.6^63.0) 


41.9 (21.8-60.3) 


0.2 (0-5 5) 


3.0 (0.2-6.5 1 


L4 <0. 1-4.6) 


Grass potlcn antigen 


6.0 (0.4-65 .6 > 


66.4 {13.5-81.9) 


26,5 < 16. 1-58.0) 


0.7 (0.2^2.2) 


17.4 (! 0.3-46.5 >■ 


3 7.2 {2.7-43.5 )■ 




jQ.7 f2.U4y.5) 


18.7 (3.1-67.7} 


29.3 U 7-9-72. 5) 


0.5 (0-2.7) 


0.6 (0.3-S.21 


2.B (0-4.5) 




4.8 (0.6. 13.3 J 


47.1 {2 2.4-69.4 J 


27.6 f 10.3-44.3) 


0(0-3.5) 


13.4 (K6-21.9r* 


53 {2. ■7-34.3)' 



ResufL-i are presenicd as metljan vaiLt^s (uiih fiO'S- cenini^ range) from 9 .Mibjeeis. 

Si^nificinr increii.s*: to cyiolm-ic marker jfier ireatmini is as fnllows compared with ihe .s»tind cornrol: "P < .05. 'P < .01. SijiiMfic^tnL ilif^rcnee in ihe an:ijidn^ 
indiiced ir«4;re;w«i in the Mnreniaise eosfnoptiils :ifii^T |Treiru:i((nt!ni viiih iiiaiibani; < M- 



extravasation. This was not antagonized by icatibant, a 
hradykinifE receptor tintagonUt. a finding fhaE is con- 
sistent wiih that of another siudy.^O We huve previously 
reported that the nasal blockage induced by house dust 
mite antigen is inhibited by pretreaimeni with icati- 
bant.^ '^ Therefore our cutTent data suggest that the nasal 
blockage m seasonal allergic rhinitis may not be mediat- 
ed by kinins \o ihe same extern as that in perennial aller* 
gic rhinitis. 

At present, seasonal and perennial allergic rhinitis are 
considered to be the same disease but with allergy lo dif- 
ferent antigens. In otir experience the predominant symp- 
tom of perennial allergic rhmitis is nasal blockage, 
whereas paiients with seasonal ail^^rgic rhinitis also pre- 
sent with marked rhinorrhea and sneezing. Histamine H. 
antagonists inhibit the i>n«ezing and reduce the rhinor- 
rhea associated with seasonal allergic rhinitis bu! have 
little effect on nasal blockage.-' implying that o;h£ir 
mediators are involved in the aHergic rcaciion. This may 
explain why histamine H| antagonists are useful in ihe 
treatment of seasonal alserglc rhiniti.s but are ineffective 
against perennial allergic rhiniiit;.-- The ability of house 
dust mite proteases lo activate the kinin-kallikrcin system 
and generate kinin has been establi.shed.-3 Recently^ it 
has been shown that ragweed antigen also contains pro- 
teolytic enzymes thiit may influence kinin production.--^ 
although there are no daia comparing the capability of 
these different allergens to generate kininjTherefore it is 
possible that the house dust mite antigen possesses a 
greater abilit:y to generate kinins compared with that of 
seasonal aeroallergens, which could explain the appar- 
ently greater roie of kinins in the acute allergic response 
of perennial allergic rhlnitis.J 

Anligen challenge also induced a nasal AHR to hista- 
mine after 24 hours, an effect that was abolished by pre- 
ireatment with icaiibant. Furthermore, icatibant reduced 
the release of kinin in^o Ihe nasal cavity after antigen 
challenge. The assay used was equally sensitive to 
bradykinin and kailidin, and therefore we could not dis- 
tinguish between the production of these two peptides 
nor their relative roles in promoting AHR. Our data 
imply that the AHR wa.^ dependent on kinin generation 
and the subsequet^t activation of a kin in-dependent path- 
way. The observation that kinin levels remained elevated 
after treatment with aDtigen and icatibant, even though 
the AHR was prevented, suggests that the effect of icati- 
bant was mediated through receptor inhibition rather 



than through an action on kinin production. The mecha- 
nism is unlikely to be mediated by the bradykinin B, 
receptor because this receptor is not present in atopic 
subjects outside the pollen season*-^ nor is it likely that a 
significant upregulation of B| receptors occuiTed in the 
timescale of this experiment. We iherefore conclude that 
activation of bradykinin B2 receptors is an important step 
in the development of antigen-induced AHR in the 
human nasal airway. 

Icatibant also significanjJy reduced the antigen- 
induced eosinophilia by an average of 30.7% ± iO.2%. 
This; compares favorably with the antieosinophil ficiivity 
of second-generation antihistamines.-^ Alihough icati- 
bant may have had a direct action against eosinophil 
recruitment similar to that exhibited by celirizine,^^ we 
have found no evidence for thiii. Some bradykinin antag- 
onists reduce antigenMUduced eosinophilia in the lower 
airway of the guinea pig,'^ and a similar effect has been 
observed with inhibitors of tissue koilikrein.-^ This sug- 
gests that icatibant reduced ihe eosinophilia by decreas- 
ing kinin generation after antigen challenge, perhaps by 
inhibiting ihe kinin-dependent release of chemotac- 
tants-^-^^' or cytokines.-^' which could potentiate 
eosinophil recruitment Through an upregalation of cell 
adhesion molecules^- or eotaxin production.^^ y 

Interesting) y. bradykinin Ktimuiates the production of 
lL-8 by cultured human airway muscle ceils^"* and airway 
epithelial cells.^^ IL-S is a potent stimulus of neutrophil 
recruit menl-'^> and can also act as a stimulus for eosinophil 
recruitmem in vilro^'^ and in vivo in the human nasal air- 
way. "^"^ IL-S may act in conjunction with other chemoiac- 
tants to cause the inflammaiory cell recruitment after anti- 
gen exposure,^^ and the expression of messenger RNA for 
IL-S is increased in subjects with allergic rhinitis.^ It has 
been propos<?d that lL-8 is involved in the adhesion of 
inflammatory cells to endothelial cells in vitro'*'^ and their 
subsequent diapedests.*'' IL-8 also stimulates the release 
of enzymes, such as human neutrophil elastase* from 
adherent neutrophils, which may pocenttiate diapedesis,-^- 
Thus an interaction between kinins, IL-8, arK3 human neu- 
trophil elastase could potcmiats inflammatory cell 
recruitment, as shown in Fig 5. In this study the antigen- 
induced increase in IL-S levels in nasal lavage fluid was 
signiricanily inhibited by icatibant. Furihermore. there 
was a significant correlation between the levels of kinins 
and IL-8 in the lavage samples. We therefore postuJaie 
!hat the ability of icatibant to affect the nasal eosinophilia 
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can be expiated by a reduciion in the kmin-mediaied 
retease of IL-S. 

AUhough IL-8 is a potcnc ncutrophii chemotactant. the 
observation that icatibant did not reduce neutropbi! 
recniitmeni is noi unexpected because IL-8 may rsoT be a 
major stimulus of neutrophil accupnuiaiion in allergic 
inftarRrrkation,^^ 

The mechanism by which kin ins may induce hyperre- 
sponsiveness remains unknown.-^^ Exogenous kinins do 
no[ caase AHR in the lower airways of sheep** or rars.-*^ 
nor does bradykjnin alone cause AHR in the human nasal 
airway, i 6 u has been proposed thai AHR may result, ai 
least in part, from an upregulation of neurogenic inflam' 
mation.-*^ Bradykmia cart stimulate sensory nerve end- 
ings, causing the release of substance P and other neu- 
fopeptidcs.-^^ Therefore the induction of AHR may 
depend on the kmin-mediaied release of neuropeptides. 
Brady kinin causes sensitization of C fibers in the guinea 
pig trachea,-*^ ar\d a similar process may happen in the 
human nasal airway. Indeed, in subjects with allergic 
rhinitis, enhanced responsiveriess to brady kinin is medi- 
ated by neural reflexes.-*^ Although IL-S induces aa AHR 
in the lower airways of the guinea pig^^o ii is unlikely ihal 
this is the sole mechanism In ihis study because levels of 
IL-S in nasal lavage fluid remained elevated even though 
AHR has been abolished by icatibant. 

In summary^ although kinins do not appear to have a 
major role in ihe acuie allergic response to anligen m sea- 
sonaJ allergic rhinitis, our findings provide evidence for 
the involvement of kinins and the bradykinln receptor 
in the development of antigen-induced AHR and the 
associated eosinophil ia in the human nasal aii"way. These 
processes in ay. in part, be dependent on the kinin- medi- 
ated release of inflammatory cytokines, such as lL-8. 
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